Manganous ion binding to tubulin.
The assembly of pure tubulin into microtubules is induced by Mn(II), and the polymerized product displays the characteristic sensitivity of normal microtubules to low temperature. The interaction of Mn(II) with tubulin purified by phosphocellulose chromatography to remove microtubule-associated proteins was investigated using electron paramagnetic resonance and atomic absorption spectroscopy. Mn(II) interacts with tubulin at about one high affinity site with an apparent dissociation constant (KD) of 1.6 +/- 0.3 microM and at 8 +/- 2 low affinity (KD = 0.38 +/- 0.18 mM) sites. The binding of Mn(II) to tubulin at the high affinity site was accompanied by release of tubulin-bound Mg(II) from the protein. Thus, Mn(II) substitutes for Mg(II) at the high affinity site and in promoting the assembly of tubulin. Mg(II), Co(II), and Zn(II) can displace Mn(II) from manganese-tubulin, but Ca(II) cannot. The electron paramagnetic resonance spectrum at 9.1 GHz of Mn(II) bound to the high affinity divalent cation site of tubulin is characterized by broadened hyperfine structure and the absence of solid state spectral features, suggesting that the bulk solvent is accessible to the bound metal ion.